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(57) Abstract: 



PURPOSE: A nitride semiconductor device with a multi quantum well 
structure is provided to reduce the stress between a quantum well 
layer and a barrier layer and control the thickness and number of the _ 
barrier layer by easily controlling energy band gap and composition 
of an active layer. CONSTITUTION: N quantum well layers have a ' 
composition of InxAlyGal -x-yN, and more than (N+1) barrier layers 
have a composition of InxAlyGal -x-yN(x,y and x,y are not smaller 
than 0 and not greater than 1 , and x+y and x+y are not greater than 
1). The active layer is composed of the quantum well layers and the 
barrier layers. The barrier layer includes at least two sub barrier 
layers that differ in the constitution ratio of a composition material. 
The respective barrier layers are gradually and symmetrically disposed according t( 
quantum well layer. 
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(54) 4^ WM" £fe ^# ±^ 



€■ ft^* 4^ <8*r-f* ^S* Sfe ^3}-# «Vi^l £*H ^^S., t^s) #2fl-*(clad layer)* 

itD^H ^^M, «H#ol 4^ °^>-f #(multi quantum well, MQW) =^Sl% 5fe ^5.^ ±z\c% & 

-*M In x Al y Ga !_ x _ y N 3] 4^7fl°I n 7flsl <g*}-f #§<quantum well layer); ^ I 

n x , Al y . Ga j. xl _ y . NSli^f n+ 1 7fl o]^ ^-^ ^(barrier layer);* itr«M o^o^S), -#7] 

*, ^^#^5) ^£tfl-§-* t^Rr ^ 7fl Ol-y-S? Ai« Ufl^»,g- i^H, ^7] o^^ # ^ 71^0.3., ^7j 4 

^M. «flHl^*ol 4m*H 44 o.S «B^l£l£^ ^€ 53* ^-^^ (£, x, y ^ x', y'£ 

44 0 a 4 37^ £ji 1 £4 £0.4 x+y 4 x '+y'* 44 1 3-4 47-1 4 £4.) 



£3 

H>£^1, ^S^#, CS=^ ^ui^l, 2j4^, 44*1-, 
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51 1 £ oi f. s)l3l5L ^ ^S(-i #51*11 dt^-S) 1H4 

£ 2 ^2fl3 ol^ ^ 2 ^jHt # E *11 ^ q-^ <8*B-# i2t 4^ #51*11 ^43 1H4 #^51. 

£ 3 * £ " a Vl 33 ^A]o|d| 3# #51*11 ^43 %>8#3 ^ ^ s B j,t=^ oflui^] -M^S.. 

£ 4 fe £ 34 4^ °<W# 4^ 3*r# #£*fl ^43 ^Aje) ##51. 

£ 5 €■ 4^1 44# #51*11 £4 ^#43 HH— ^ <HM*13- 344^33 441 ^2fl = . 

* 51#3 tfl^ is] AjTg 

310 : 7] aft 320 : a] 3* 

330 : n 3 ^1 1 ^Hf #HflH^ 340 : n^§ 4 2 4^ #Bfl5L^ 
350 : 360 : p«g 4 1 4^ #2flH# 

370 : 4 2 



t<33 



t rjH #*Hr 7l# "1 U £*|=3 #el|7l^ 

a. ^ <£4*i-(multi quantum well, MQW) 4fe #51*11 ±4°fl 44 3* 4^114 

Tim, ^-f #*(quantum well layer)-?] ^3 7^3 In x Al y Ga j. x . y N iflaM 44 44 °143 l n x , 
Al y . Ga !_ x ._ y . N 43#(barrier layer)* ^ 4?1 <£4-?-S-#3 ^(stress)* #«1 Jl 

44£-§r* f7M?l?] 34 4^ °^f^i: fSt 4^ 44# #51*11 ±z\4 44 ?H4. H7l^, x, y « x', 
y'£ 44 0 S-4 37-1 q- 4^ i jicf ^onj, x+y 4 x'+y'€- 44 1 £-4 47-14 44.) 

^# #51*11^, 4£(Nitrogen, N)-t £44tt 4^«- #51*1)3.4 ^3 4^ °l "11* **44 4f-34i(GaAs 
) *3 44# #51*115^ 444 ^ 3, 4^* £$*Mr #(@)44 44 ^4 5 ^#3 44 ^4 ^4 ^3 
<>l-8-£U S14. 

44# *JESfl7>, 44#3 ^flS-S^ 4*3t3-(°14 'Al'°]4 4), 4f-(°14 'Ga'4 4), Slf-(°l*r 'In'°14 #) 
f^7l#£43 m^€^l: 0 l ^S4-§-£U SU^.In X AI y Ga !_ x _ y N(#, 0< x< 1, 0< y< 1, x+ y < 1)3 
^Efls InGaN o. 3. oj^ol^l *^#* 4^, ^4-fl" ^£ afe 4^ "9= 

4-f # -^2:3 ol^ ^(double hetero structure)!- 4^4^ °J"^4 4-€ c> 14. 

#51*11 ^44 4^!^ ^3 71^* 4^*1 #3a.# 4*4 44. 

51 1 -& ^2113 oi^ ^iBiis ^ 4S1-1- #51*11 ^43 -a^^l ##5i°14. 

51 1 4 5,X\Q ^ol, 211 S] °W 4^ 4Sh# #51*11 4i4(100)^, 440I0L SiC, Si, ZnO, Ga 

As 5 1 (spinel) ^3 ^SS ^4 7]#(110) Al y Ga j_ y N ^^^4 ^sl#(120), n^ GaN o. 
S ol -ol ^1 »| 1 t}^- #5flH^(clad layer, 130), n^ Al y Ga ^ N o]^o1^ ^ 2 ^ #Efl^(H0), In x 
Ga j_ x N SLZ. ol^°14 *^*(150), Al y Ga !_ y N o.S *1^<>14 ^| 1 ^ #2flH*(160) ^ p^ GaN £.3. 
°l^o14 4 2 4^ #HflH#(170)ol £43-^ WQSLS,^ ^^44. 

0<x< 1, 0<y< 1 ell- x, y 4* 4 *3 »lH7j(band gap) i^4# a^tSM ^^44- 

471 ^| 1 4^ #HflH^(130) ^^12 4^ #efl^.#( 170)3 i^147> 47l ^ 2 4^f €^^#(140) S 

^11 1 4^r #2flH*(160)3 °HM *liL4 451^- x, y 4°! *H44. 
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ol^ev f^«l o}^ 3)3j5L 4^1 4fe 4£4l ixKlOOHHfe, 44 44#(150)4 44 ±44 44 ^ 

* 4^344 444^ 3J4 44 4|£. € "34* 444) si E£, -S-tflai o.s. 4444 44 44j2.h# 444 4*M 

4444 In 4 ^ 7 >a1^(s, x &-g- HTll 4) 

^44, In x Ga j_ x N 4 <*M 444(150)4, £44 44 44, Al Ga x _ y N IS 4 44(1 

40, 160) 444 444^1, oH, In x Ga N 4 Al y Ga x _ y N A>t>l rifl ^fl4^ 4444(lattice constant)^ 
44^1 4*11(£ 5 42), 44 444(150)4 In 4 *4£1 4444^ *H 44]7> 214^ £444 $1^4- 

4, 44 4444 #£flS-4 aH4 a z^v^s] *Hr $-7] °J=4-fl-*i isellil- 7>441 4^4 €4# 4£ 
414 44 4441-441 # il^li?} 7>*fl44 444^(piezoelectric field)7> 4444 44444 4 444 4 
fs] 44 444 H44 ^olti.3§^ £4 ^(wavef unction overlap)4 ^it^i^l 44^44 ^c^tII ^t}. 

444, 44 444(150) ol Si 3] 71^5] BflH^ °fl44l- 44444 44 In x Ga !_ x N 4 £4(fil£)* 

4^ 444(150)44 4444 4ol4 444£4 £44 4 sl^ 444 iL443i <U4. 

£ 2 444 44 314£ ^ ^sj-l avs^i ^ 4^ 4441 4£# 4fe €41 4£4] £44 ^414 44£ 
3.**!, rq-Al iHfl, ^>7l £ 1 s\ 444(150)4 InGaN ££ °}^°]$. 44-7JI4 444144 4444 £444 44 
4 €4* 4£41 £44 44£44. 

£ 2 4| £44 44 401, ^sflo} oj^o.o £ fe Hj . £ ^ ^^(200)^, 4401 6] =3 7flss ^ 

44 714(210) 44 Al y Ga !. y N a] 444(220), n*§ GaN 4 1 4«- #5fi£4(230) ^ n4 Al y Ga x N 
si 41 2 44 #2fl£4(240)4 3*£U, ^ 44 In x Ga j. x N 4 ^>-fl-^4 l n x , Ga x _ x , N 4 444££ 0 ) 
444 444(250), P 4 Al y Ga x . y N 4 ^1 1 44 #SflH#(260) ^ P^ GaN $\ 4 2 44 #2flH*(270)ol £ 

0<x< 1, 0<x'< 1, 0<y< 1 oH, o]s- Xj X ' ^ y ^o. zj. aJ1 c 7 ^ ofli.^)§ jiel4 Q 1 -M^44. 

oH, 471 %^#(250)S] 7^^, ^71 In x Ga ^ N O.S. *}^°]# 444-«-#5l 4mxl7>In x , Ga ^ N 

o.S olf-o^^ 4^#sl na = ^ oflui4 a.4 47)] ^E)4 a ^4 4437lJ:4(quantum size effect)* 

H3^H 3H4711 44. 

nei4, i n x Ga !_„ N ^ o^^^^ In ^ Ga ^ N ^ iH^sl 4011- ^o] ^ sisfl 

^44^ 4°l7> 4o>^ ^4°fl Si 0 ! (5. 5 4a), ^4 A] §^ ^-^-^ o]-©) nl c] (bd ; Inversion boundary do 
main)4 4£ 44l-ol 4^^^^1 44^44 3711 44^1714 £4, 44 444 4441-* 4°14 4^*4 
44 1 is ^ft|oa 44^#ol ^o]^^^ ^l^o] ^^4. 

444, 44 444#*4 4^4 444 344^4 44 1- «4^, 0 >^a| ( 44444 fe-g 4 SI4, ^4 445: 
44 #7>4 4 51^4 4fe 444 ^44^ S14. 



44 4 44Jr4 4fe 4*^1 4^1 

4 444 44 «M44 444 444 44 4444 f2t 4^ €44 4£*H ^4°11 S144, 

4^44 <ffls.^ 41444 a^4 44441 4 4 Sl£4 44 444#44 444 444 #± 
4 ? J4 4^, a4, 44 4444 4414 71141- a4 7>44£4 4-°-^4, 44444 44a44 47>4 «4# 
4i^ll ±4# 4 ^4^4 =l 44 4 al4. 



44 4 44 4 44 

44 44* 4444 44 4 444, 4444 444 ^HfKclad layer)* £444 4444, 44 4444 

44 444#(multi quantum well, MQW) 421: 4tt 441" 4£*ll ^4°ll S144, 44 4444, In x Al y Ga 
i_ x . y N 4 3:4 4 4^, 447114 n 7fl4 444#4(quantum well layer); ^ In x . Al y . Ga j. x ._ y . N 4 244 4 
fe, n+ 1 711 oIav^ ^ ^( barr ier layer);* £444 44444. 44 444^, 24*^4 4444* 444^ 
4 7fl 4^-^ 4^ «1144** £444, 44 44444* 4§o.s, 44 444 4a «A4444 iffls.^ 4444 
44 33 3 0.3. «H44^4 444 ^J* 44. (4, x, y « x', y'4 44 0 iL4 344 4a. 1 a.4 44 

4 4^4, x+y 4 x'+y'4 44 1 ±L4 444 44.) 
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S4, ojnfl, ^7} #2flE.#3, in x , Al y . Ga !_ x ._ y , N 3 24# £s| o]^^ ^ (layer )^ 344^1 cfl-g-£)^ 

4^1 4514 44343 244 34 47>33 43^3- 44. (4, x'4 y'£ ±L4 4^, x'+y'£ 1 

£L4 44.) 

3^ 424 4fe 344 451*11 4:*Kr 44*3 ^o,l 37 |l 44^# ^^.^ ^ ^ 

44-f i- £4s 444 ^ xis.^. ^ir, 44*3 4* 44-f # 421- 4^ 34§ 4si3 ±z\ 

4 44 ol <H43 34. 

44*3 4^ 44^ 42# 4fe 444 4514 ^4^, 43 44* 343 «8=^>-f##4 43* 4314 34 

4^3 44 4443 4433 n o,l 4= 443-43 4^7} 44 f^4 £3^ 333^ $14£ 4*4 4 

4 4 4. 

444, 4 4314^ 33 344 343, in x Al y Ga !_ x _ y N^l^ 4fe 44-f4*3 431 334fe 4 
3*3 In x , Al y . Ga !_ x ._ y . N «1 4514 4<^3, 43 444^4 a\o]o\] ^==94 *H*r 37l] 

451 344^3 43^ 443514 43^3, a* °H ^-^1 43*3 a 443-1-4 434^ ¥ 7fl 343 4j± 
Hfl33*^3- 443514 su, a*, Aj- 7 i <g=x>4-#^-S- 7l$^s. -8-71 4 « 433*3 4^,3 1334 333/3 
435>^ 333514 ^44^4. 

a el a, 443, 43 44^4 424 4^ 44^1- ^21 44 £3, 43 3^ 31 3 3 424 4^ 444 45L3 
^41 443^3, 4?1 44*4 43^*3 243 4o H 7l°J*Rr 344^ *3 41 33 444^ f^33 £ 
^1^^-* 3443 344 #71 4351*3, In 443 37}4 In x . Al y , Ga x ^ N 21 244 4514 444. 

3^ 431, In p Al q Ga x N 3 p, q 44 44 4 #3 -ffl^ 134* 4444 ^ XU.H.3., 33* 31 3 

*3^ *43 «HH^ 1334 444711 244 ^ $13, 4 #3 344^ «J3*MI 4^144^1 = ^ i 
H444 iS^4, £^ 4 #3 a JH 7 J 1^lr ja^ *m ^ ^44^4* ^44fe %*] 7}^t}?]} 44 
4, 44^ shh^ oHu|4 « 344^* 7^4 t4^4» 4^ * 9lsm 4S4. 

^ 4^^ ^^4 £44 4^4 4^14 *«H a.4 £^*H 4 ^«»]4. ^14, =8 
^4 £4* 4£4°1 4 4* 44^4 44^1 i* 4^)4 4^44. £4 % 44 4fe 4 4^3 ajH<a sg. 
4 4^3 7l #^l 44*1 °H 4^5144 «tfl 4^s)^ 4^ 4M4. 

£ 3 ifl4 s. 4 oll^ 4 4^3 "U440H 34 441- 4^11 44^4 W 4£^1 i43 4^*3 ^14 
4s ^ »JH^3 °H^^1» £A14SU^, £ 5 <H1^ 4 41°fl ^4S1^ S4# ^4 ^4^3 4^^ iui4 
4 344^43 4711 aEfls* 44444. 

44 £ 3 4 4 4^3 <y4*HHl 34 44# 4i*fl ^43 *4*°1143 «H|443 4^£°14. 

£31 51*14 43 44 4 4^3 "i^MH 34 444 45L*fl £4(300)^, 44°!^ ^3 ^ss ^^4 7] 
4(310) 3i4n a Al b Ga !_ a _ b N 3 ») 3^(320), n^ In x . Al y . Ga !_ x ._ y . N 3 4 1 44 #2))S.*(330) ^ n 
$ In x . Al yl Ga x . x .. y . N 3 4 2 44 #^^^(340)^1 ji, a 4^*(350), In x , Al y . Ga !_ x ,. y , 

N 3 4 1 44 #2flH*(360) ^ p^ In x , Al y . Ga j_ x ._ y . N 3 ^1 2 44 4^^(370)°! 441 ^.S. 

*1 ^444. 

471 44^(350)4, 4^7114 n 7fl3 44^-#*4 3 m 7fl3 4^ #4 i44<^ 443^i(4, n> 2, m> 
n+ 1), a 42^, SL 3 <H| £*14 44 4ol ; ojsjs] o^o.o.^ (353) oi § 014-4 4^f4351,352] ; [354,3551)3 
4°H 3^14^, oH, 43 443 4^*4 44, 4s. 4^ 244 4^ ^7fl 0144 4H ufleioi^OBi, 352, 3 

54, 355)4 3.44^7 42^14. 

471 443 4^ #3 ^4fe *iif(A) «>H«Joi 4434^1, =l 244 In x , Al y , Ga !_ x .. y . N (4, 
0<x'< 1, 0<y'< l)°13, £34 Eg 3 4-& ^4^ c »]Ji 4^'^4 4 = ^ 011443. 7 >344, S£4. 443 344^ 
4^14 3t11 4^4 x', y'4 244 34 43 44. 

^, 5L 3 °11 5L34 43 43, 43 443 4 *L 43 3 #(351, 352, 354, 355)3 7V44tfl (valence band) 133 
^S(Ev)4 4£^(conduction band) 134 ^§(Ec)3, 43 44-f4#(353)4 7]&±3, ^43/3^33 3^ 
4 2443 434^3, 43 Ev 3 Ec 3 41 3*fl 443^ »Jh| 133(Eg)4 343/3^13 3 4 ^ Sl£ 
4 4S4. 

43 43, ^33 4^ 44-f# 421- 4^ 44* 4£31 ^41 43 444## S 43*3 244 In 
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x Al y Ga !. x _ y N 4 In x , Al y , Ga ^ x ._ y , N #5L =L i^Bl-frfr 3^#.°3.*<|, #7l * #oj °1 ifflH^ ofl 
1-1*13 *H 4= ^XMH 1 ^ 4» tftflaj O.S ^-iAl 3go.nl, SE*. oH #7l #7l <g*|--f#*(353)* 7l 

a ifflH^ «H*]7} i3W/343^ 43- ^2l4fe, 1- a. Bfl^^^( 351> 352, 3 

54, 355) ±3, frS-S «q, W#l:4 ^3L-§-ol ^SS4. 

4*, £ 4 fe £ 21* 4^ 44-f# £fe t&EXI ^42} «HJaH MEM, #?1 £ 3 2} 

i3 4# «V£^1 i*H Xl°1^ #2flH*ol In x , Al y , Ga j_ x ._ y . N(#, 0<x'<l, 0<y'<l, x'+y' <l)2l £fe In 

f-n- ^4#°J 51* *4. 

£41 i^s) h}^ ^-71 -tsflH^i In ol %7\% 0.3.4 'gHMfe <S:5=*( £*>3 #3 «J ^8*^ ifl 

*IHfe. 4^2} £ 5 #3^±L7l3 *4. 

#7l E3WE41 H^, a ^xgofl «1*V 9M^-i- 5fe ±*H floW. x, y f-s] 

^ zj- 6im^i# jaslsH ^44. 

i» #<H. ^1 1 4^ #2fl^#(330, 430) ^ #71 ^ 2 #^ #2flH^(370, 470)2} iH^7> ^ 2 *H?- #2)1 

H#(340, 440) ^ XI 1 #^ €^H*(360, 460)21 lfflll^ <>fli14±i4 43Ut x, y ^t&4. 

£th 3££ 44 2*1, n-1 4*12} 44^# #4 n ^V-fl-^ A>oH fl*ls>fe #*^2l A|h Bfleloi^, 

#71 44^1-** 7l§JL3 n ifflS.^ °11 M ^1 7> ^mr%m°\ 34 2^«H i^Sllil- ^ifl*V0L3 # 

4^4 #^»°1 334* ^ SlE^ x, y &■§• 4^*4. 

"17H, #71 %^(350, 450Wfe 443 ^ 7 > S ^ o}fe4 ^ ^ °- l-£#3fe 44(Zn) 4.3.3 ^ 

S14. 

a*, #71 711 1 «J.^ #HflH#(330, 430) ?M1 2 i}^- #2flHfK340, 440H %7\ 7}^% «-£#3fe ^i(Si) 
f-ol sao.ul, ^ 1 #^ «eflH^(360, 460) £ *H 2 #^- *ajH^(370, 470Hfe ">^#(Mg) f- 

oi mi * m. 

ol4. 

ojHV^oJ e|« l-ol -gij^^, £ 1 ifl*l E 2 <* £A1^ «1-S1- ^ f^SflSl ia}£^l 5|<Hxi, I n 

GaN Si Sfe t^*ol 3 d ofl fl^l*>oi, AlGaN 21 ^ #?flH*ol ^ e ofl fl^l^ja. ^ nfl, #7l 

Id4^e 4°Hlr 0.1 A oltfsl ^7^^ ^ol 7 > ^4. 

*WL>, #71 J£ 4 °fl E^m, £ ^AHHl fil*)l #71 #eflH#ofl q^q. In ^. ^ 7 >^S.^I =L 2^4 I 

nAlGaN £13- * 3-f , #7l ^ e # ^ c 3. ir 7 J Si°l, ^- 7 ] ^^#^^1 ^ol# 0.05 A ^£.5. #± 

^ Stl>ll 44. 

^, SES.^ oflui^l 21 ^S^ol ^7>#^2l *}o)S. - ^ol, o^^^^s] ^A^j ^ SU >H 

51 al, 44^1, a J:E^l 4i42l «i#3Lir* ^ SIt)] S)^- ^JoltJ-. 

ORHI^ 43 3$ ^ d ^*V ^AHl ^ i^ofl o,*D ^5)^ ^O] 0>U|J1, ^ ^ 7,^31 ^Aj-^ $0^*1 

Sfe ^21 vfloflAi ^e) 7 >Xl Alft, ^^ol 7>^44^ ^ «1 71^0^1^ -f#5l ^1 7>4 

*H>n sa<H ^«i^ ^^14. 



t^2] 44 

#714 4^ ^ «VE*ll 4i4°ll SiolA-1, S^o^ ^f,fi] oj:^ 

^#^4 ^j-*^ a>ohi i^42l 4o^ 2j4#^si ^>oi fe #0^711 eu, a*v, 2711 01^- 

A^ti tiflelol^ol m*V$&*\SLjL ^-0.34, #71 ^^-^o,! %6] iE^lif 7 n V^Al?j3Zl 6>^-Ei 

#^^»* *4ai^, ^9J ^ safe s44 SI4. 
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3^ 1. 

4^5] #sfl£.fKclad layer)* ^sH, q 7 ] W$o] t& <£*|~f #( mu lti quantum well, MQ 

W) ?£t m^r #s.m ±7}o\] &<>H, 

In x Al y Ga j_ x _ y £tt, ^HMSl n 7^ <9*K-l-#(quantum well layer); g 

In x , Al y , Ga ^..y, N ^ ftfe, n+ 1 7fl o]^ ^^(barrier layer);* £fl*H °1 *| 5] , 

$7\ 4^*£, 

^Sr£$\ ^£wj-§--fr 43sHr ^ 7fl A-] a. HflBHf-fr 1^1 <g*l-f 71^.2.3., #7] 44^1 

7-i h sfle^oj oflui^o,! 44 IS^l^s nil 3 3^ *g^4 3* ^ 4fe 4^ °<W-# ^ 

2# a Jr£31 x, y % x\ y'£ 44 0 iL4 3?j4 ^ja 1 J±4 3^4 go.^, x +y 4 x'+y'£ 

441 ii4 47-14 44.) 
2. 

4 1 *«H| 5a°H, 



In x . Al y . Ga x . x ._ y . N 45], 4^4 ^(layer)s| 3*MHKlattice constant)^ tfl-g-3^r 37HHr# 4 

^ « H ]*ol ^ ^ o.s. 4^ <8*l"f # ^» 4^ BVS^l ^4. (4, x'^y'fOl^ 

3.31 1 il4 x'+y'^r 1 a 4 44.) 



SI 2 

pg GaN 



[ 1 #£HH# 
! Al y Gai-j,N(0<y<1) 



93 # 
ln x Gai-„N(0<x<1) 



SI 2 4¥ 35HE# 
Al v Gai- v N(0<y<1) 



n§ GaN 



uimi 

Al v Ga,- > N(0<y<1) 
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M 2 MBHHS 
pg GaN 

pm Al v Ga l - s ,N(0<y<1) 



Al v Ga- 



InxGai-xNCCKx^l) 
InxGat-^NCCKx' 



7i\ 2 8h¥ S£HH# 
ng Al v Ga l -^l(0<y^1) 



nS GaN 



Al v Gai- v N(0<y<1) 



355 
354 ^ 
353 v 
352 v 
351 s 



Z 



M 2 ^ §2HE§ 
p§ ln x -Aly-Gai-,"-/N(0<x"<1, 0<y"<1) 

Pi lnMlyGai-x"-yN(0<x"<1 J 0<y"<1) 



ln X 'Al y 'Gai- x --y'N (barrier [ 



Irix-AlyGai-x'-yN (barrier II) 



ln x A! y Gai- x - y N (QW) 



Inx-AlyGai-x'-yN (barrier II) 



lrvAly<Gai-*'- y 'N (barrier I) 



n 2 m 

ng ln x -AlyGai-^-yN(0<x"<1, 0<y"<1) 
ng ln x -AlyGai- xV N(0<x"<1.Q<y ,l <1) 
lnAGai-a- b N(0<a<1. 0<b<1) 
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